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(57) Abstract 



A vehicle measure system involves an array of microphones (18) and a spark emitter (24, 46) mounted on a vehicle. Spark- 
ing produces sound bursts which travels to the microphones (18). From detection of transmission times, the position of the emitter 
(24,. 46) is found. Sound velocities are determined in various directions to ensure the air is homogeneous, else corrections for 
sound speed variations are applied or data is rejected. Position data determined from various microphones (18) are compared to 
ensure repeated measurement accuracy. The apparatus includes simple circuitry with fewer received signal processing channels 
than microphones (18) and intelligent selection of active microphones in consequence. An emitter can be connected to the upper, 
vehicle body via a bent coupler (78), which can pass around a wing for example. This allows the system, which is ground based, to 
be used for measurements of the upper vehicle body. The positions of microphones (18) are determined precisely before use of the 
system, using a calibration jig (124). Errors in microphone positioning are then corrected for in the measurements. 
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VEHICLE SHAPE DETERMINATION SYSTEM 

The present invention relates to vehicle measurement 
systems, in particular to systems to determine the shape of 
vehicle bodies such as automobile bodies. 

Prior Art 

A vehicle measurement system as described in European 
patent application EP-A-0244513 for example, comprises emitters 
of acoustic pulses, microphone receivers and microprocessor 
controls. The terms "acoustic 0 and "sound" are here used for 
convenience to include also "ultrasound". The emitters are 
mounted at various predetermined positions on a vehicle body, and 
are triggered under microprocessor control. Triggering generates 
an acoustic pulse which travels outwards from an emitter and is 
detected by a number of microphones. The microprocessor measures 
travel times of the pulse from the emitter to each of the 
receivers. Sufficient data is acquired to yield the 
three-dimensional coordinates of a given point when processed by 
the microprocessor. 

In order to calculate positions, microphones must be 
placed in a configuration which is known to the microprocessor. 
In the disclosure of EP-A-0244513, six microphones are placed 
with equal separations along each side of a beam which is 
positioned below the vehicle and spans the width of the vehicle. 

If a vehicle has been involved in a crash, its upper 
part is often distorted near the contact region. Measurements 
of the misalignment of such parts of the vehicle body are 
conventionally undertaken using a large ruler and slide 
arrangement. This is mounted over the vehicle, for example over 
the bonnet, and the vernier scale is read to determine the 
V position of a point in the damaged region. 

v Some Problems of the Prior Art 

Prior art systems such as described in EP-A-0244513 
suffer from a number of problems. These include errors in 
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position measurements due to temperature variations and air 

turbulence in the environment of the vehicle under test which 

affect the speed of sound. For example, even a 1°C variation in 

temperature over a measurement volume of approximately 

4m x 2m x 0.5m would cause unacceptable errors. Also, air 

turbulence causes serious fluctuations in the data, making it 

unreliable. 

Summary of the Invention 

The invention in its various aspects is defined in the 
appended claims to which reference should now be made. 

We have appreciated that for a preferred vehicle 
measurement system to be useful in practice, it must be capable 
of operating in a garage environment where precautions against 
air currents and temperature variations are necessarily minimal. 
Also, it must be able to compensate for small localised 
variations in air conditions and must be capable of detecting 
when unacceptable conditions are present and measured position 
data should be rejected. 

Brief Description of the Drawings 

A preferred vehicle measurement system will now be 
described by way of example with reference to the drawings, in 
which: 

Figure 1A is a perspective view of a beam for , 
ultrasound measurement, and an emitter probe ; 

Figure IB is a schematic diagram showing the wheels and 
mounting plate of the beam in cross-section; 

Figure 2 is a view of a portion of the beam carrying 
six active microphones; 

Figure 3 is a diagram showing separations of the six 
active microphones from^a spark (an ultrasound source) ; 

Figure 4 A is a diagram of the beam indicating 
microphone interconnections ; 

Figure 4B is a cross sectional view of the beam; 

Figure 5 is a schematic diagram of the vehicle 
measurement system showing connections to microphones of one half 
of the beam (one module); 
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Figure 6A is a view of an emitter probe in longitudinal 

secxion; 

Figure 6B is a cross-sectional view through the emitter 
probe in the plane AA shown on Figure 6A; 

Figure 6C is a cross-sectional view of an extension to 
the emitter probe; 

Figure 7A is a top view of an upper body coupler; 

Figure 7B is a view of a ball and socket joint of the 
MacPherson probe; 

Figure 8 is a simplified perspective view of a jig for 
beam calibration; and 

Figure 9 is a cross^sectional view of the jig shown in 
Figure 8 together with its stand; 

Figure 10A is a schematic .and sectional view of one 
spark assembly of the beam calibration jig; 

Figure 10B is a front view of the spark emitter 
assembly shown in Figure 10A; 

Figure 11 is a simplified perspective view of another 
jig for beam calibration; 

Figure 12A is a schematic and sectional view of one 
spark assembly of the other jig; 

. Figure 12B is a front view of the spark assembly shown 
in Figure 12A; and 

Figure 12C is a rear view of the spark assembly shown 
in Figures 12A and 12B. 

Detailed Description of the Preferred Embodiment, 

The reader is referred to EP-A-0244513 as background. 

Apparatus 

The system for vehicle measurement comprises a single 
beam 10 as shown in Figures 1A and IB, which is mounted 
longitudinally with respect to the vehicle. The beam 10 is made 
of extruded aluminium of an approximately rectangular 
cross- sect ion (approximately 17.5 cm by 7.5 cm) and is 
approximately 3.6m long. It consists of two independent modules 
12,14 as shown in Figure 4A. Referring back to Figure 1A, each 
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beam has two opposing sides 16.16 which carry twenty four 
microphones 18 each. Accordingly, the beam has twelve 
microphones along each edge 20 of a side 16. which is twice as 
many as disclosed in EP-A-0244513 . Also, only a single beam is 
used rather than a series of transverse beams. The beam 10 has 
six sockets 22 on each side for emitter probe assemblies 24 and 
two transmit/ receive reference blocks 26 mounted on each side. 

The beam 10 is rigid and is mounted on pairs of wheels 
33 fixed under the beam 10 at points which result in minimum 
bending. Each wheel is connected to the beam by a supporting arm 
35. As shown schematically in Figure IB, these wheels 33 drop 
into and run along runners 37 formed by the undercut sides of a 
mounting plate 39. A mounting, plate 39 is placed under each 
vehicle to be measured. In use, the beam 10 is easily removed 
from the mounting plate 39 under one vehicle and positioned on 
the mounting plate 39 of the next vehicle to be measured. 

As shown in cross-section in Figure 4B, the beam has a 
cable duct 28 which is separated from the body 29 of the beam by 
a partition 31. Also, it has a series of holes 30 on each edge 
20 of a side 16 to receive the microphones 18. The beam has 
longitudinal internal grooves 32 in which printed circuit boards 
(PCB's) 34 are mounted. The PCB's hbid microphone circuits 36 as 
described below with reference to Figure 5 and can be connected 
together. The beam includes screw mounts 38 near its ends for 
screwing end plates (not shown in Figure 4B) to the beam 10. The 
.. end plates include handles for carrying the beam 10. 

The basic electrical circuitry of the vehicle 
measurement system which is shown in Figure 5, includes the 
microphones 18 of one of the modules 12, 14 of the beam 10 and 
microphone circuits 36, emitter probe assemblies 24 and spark 
generation circuits 40. The microphone circuits 36 and spark 
generation circuits 40 are* connected to CPU and timer circuits 42 
for automatic control and measurement. The CPU and timer 
circuits 42 are coupled to a remote computer 44. 

In use the emitter probes 46 are mounted to the car 
body at selected points to be measured using various fixtures. 
The microphones 18 along the beam 10 detect sparks emitted by the 
probes 46, allowing the positions of the probes 46 and hence the 
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selected points on the car body to be measured. 

Referring back to Figure 1A, an emitter probe assembly 
24 comprises an emitter probe 46 with a spark generator 48 at 
each of its two ends (at positions Pi and Pz). The probe 
assembly 24 also includes a location accessory 50 which is 
mounted on the end of the probe portion near Pz, and is used to 
fix the probe to the vehicle body at a predetermined position Ps. 
As shown in Figure 6A, the probe 46 includes spark generators 48 
each comprising a pair of wire electrodes 52,54 and a ceramic 
insert 56 through which the wires pass. Electricity is supplied 
via leads 58. The probe 46 includes an annular magnet 60 in its 
end 62 near position Pz. The location accessory 50 is fixed to 
this directly or with an extension 64 or series of extensions 
inbetween. 

As shown in Figure 6B, the measurement probe 46 is of a 
substantially triangular cross-section at its two end portions 66 
on which spark generators 48 are respectively mounted (positions 
PI and P2). Thus, the spark generators 48 are each mounted at a 
triangle 'apex 1 . Accordingly, a pulse signal is emitted which 
travels in a wide-angled arc. 

As shown in Figure 6C, an extension 64 has a 
cylindrical body 68 with a spigot 70 of magnetisable material at 
one end 72 and an annular magnet 74 of rare earth material at the 
other end 76. The spigot 70 is for insertion into the annular 
magnet 60 of the probe end 62, which is shown in Figure 6A, or 
alternatively, into an annular magnet 74 of an end 76 of another 
extenision 64. Spigots 70 and annular magnets 60,74 cooperate by 
magnetic attraction to hold probes and extensions together. The 
probe assembly 46 is then mounted on the extension 64 as shown in 
Figure 1 to provide a lengthened probe assembly- 
Such a lengthened probe assembly is useful when a probe 
assembly must be fixed in a recess in the vehicle body. The user 
is instructed whether or not an extension is required by the 
microprocessor in response to stored data concerning the vehicle 
in question. 

The probe 46 is fixed to the car body directly or with 
the use of an extension 64, using any of a variety of location 
accessories 50. As a car body' typically has made holes, for 
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example to allow door hinges to be fixed, one type of location 
accessory 50 is for fitting in holes. It includes two jaws 
which are moved radially outwards to grip the rim of the hole. 
Another type has three pinchers which can grip onto exposed 
bolt-heads, nuts and the like. A third type is threaded for 
mounting on exposed bolt ends. All location accessories include 
a magnetisable spigot for cooperation with an annular magnet 60, 
74 of an emitter probe 46 or extension 64. 

Another way to connect an emitter probe 46 to a 
location accessory is by using an upper body coupler 78, as shown 
in Figure 7A. This is particularly suitable for position 
measurements of parts of the upper car body such as a front 
suspension strut.- A vehicle has two front suspension struts 
under its bonnet, one on either side. A front suspension strut 
is conventionally known as a MacPherson strut. The upper end of 
a front suspension strut ends in a dome through which a threaded 
bolt protrudes. The upper body coupler 78 is connected to the 
bolt by a location accessory 50. 

The upper body coupler 78 can also be used connected to 
the car body by a location accessory at an appropriate hole in 
the bodywork such as around the door frame. The upper body 
coupler 78 has a body 80 consisting of a rod in a U-type shape. 
The body 80 has two rounded 90° bends 82,84 and three 
substantially straight portions 86,88.90. : One end 92 of the body 
80 includes a fixture 94 on which a ball-and-socket joint 96 is 
mounted, in an axis parallel to that of the second portion 88 of 
the body 80 and facing the other end 98 of the body 80. 

As shown in Figure 7B, the joint 96 comprises a ball 
100 fixed at the apex of a conical element 102. The conical 
element 102 is attached to fixture 94 by its threaded knurl 104 
being screwed in to a threaded hole 106 in the fixture 94. The 
ball 100 is rotatable within a^socket 108 of a ball housing 
(chuck) 110. The end 112 of the chuck 110 opposite the socket 
108 has an annular magnet 114 which is flush or 'sub-flush 1 with 
that end 112. This allows the upper body coupler 78 to be fitted 
to the vehicle body by magnetic attraction to a location assembly 
50 mounted on the car body. 

The other end 98 of the body 80 of the upper body 
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coupler 78 includes a second fixture 116 for connecting the probe 
46. The second fixture element 116 has two sides 118,120, from 
each of which a spigot 122 of magnetisable material extends. The 
probe 46 (with or without extension(s) 64) is fixed by an 
operator on one side or other of the second fixture element 116 
such that the end 62 of the probe 46, or the end 75 of a probe 
extension 64 on which the probe 46 is mounted, is fitted on one 
of the two spigots 122,122. 

In use, the position of the end 92 of the upper body 
coupler 78 which is connected to the car body is calculated from 
the spark generator positions P1,P2. This is possible because 
the separation between the two ends 92 f 98 of the upper body is 
known as are the lengths of extensions 64 and the dimensions of a - 
probe 46. The microprocessor "knows" that the spark generator 
positions PI, P2 and the upper body coupler end 92 lie along the 
same axis and instructs the user which extensions, probes and 
fittings to use. Accordingly, the position of the end 92 
connected to the car body is automatically determined from the 
measured spark positions P1,P2 by the microprocessor. 

Methods 

For an explanation of the basic methods used for 
vehicle measurement, the reader is referred to EP-A-0244513 . 
Other details are provided later in this description. . The beam 
10 is positioned on a mounting plate so as to be approximately 
parallel to the length of the vehicle body. . The position of the 
beam is not critical. By the use of software driven menus, the 
user instructs the measurement system, Which is microprocessor- 
controlled, of the type of vehicle being measured. Specifically, 
the user selects the appropriate manufacturer, model and 
model-type. The appropriate information files for that vehicle 
are then loaded and a graphical representation of that car body 
displayed on the visual display unit (VDU) of the microprocessor. 
The representation includes points on the car body for which 
standard relative positions are known. 

The user first chooses some reference points on the 
vehicle body, then selects some other points he wishes to 
measure- He is aided in this by the microprocessor which allows 
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expanded (zoom) displays of selected regions of the vehicle 

representation . 

The microprocessor then "intelligently" instructs the 
user which location accessory 50, extensions (if any) 64 (or 
coupler 78) to use at each of the selected points. The reference 
points are taken from an undamaged part of the vehicle body, and 
define three perpendicular reference planes (length, width, 
height). Positions of other points are then measured relative to 
the reference planes defined by the reference point data. 

We have found that to achieve acceptable accuracy in 
determining the position P 3 , it is necessary to determine the 
relative positions of Pi and to within about 0.5mm and the 
absolute positions to within about 1.5mm. This in turn implies 
that the linear distances between the spark generators and 
collecting microphones must be known to within 0.1 to 0.2mm. 
Ultrasonic measurement in 3 dimensions is far more prone to error 
than linear measurement where a reference system can work 
effectively. If a fixed reference were relied upon for 3 
dimensional measurement the required accuracy would not be 
possible. 

Calculation of Sound Velocity and Emitter Position 
In order to convert time data received by the microprocessor into 
distance data, the velocity of propagation of sound must be known 
. accurately. However, the velocity of sound varies as a function 
..of temperature (also pressure, humidity and C0= content). 
Consequently, any measuring system must be able to determine the 
velocity of sound in selected regions in order to accurately 
calculate distance data. 

It has been found that by a suitable choice of receiver 
array, a set of equations can be used to find coordinates which 
do not depend on separately calculating the velocity of sound. 
The equations are listed in EP-A-0244513. The array consists of 
at least six microphones arranged as sets of three in two 
parallel lines. Through calculations the velocity of sound and 
cartesian coordinates of the emitter are found. The arrangement 
of emitter and microphones is illustrated in Figure 6D of 
EP-A-0244513 and the equation used to calculate velocity, 



- 8 - 



WO 93/04381 



PCT/GB92/01509 



V = SQRT(2L 2 /t3 2 +ti 2 -2to 2 ) is mentioned there. This method of 
velocity determination is denoted the line array method. 

The method allows sound velocity in a localised area to 
be measured automatically without the need for a reference spark. 
Although the basic method is known, in order to be useful in 
practice, we have found that more microphones are required than 
has been mentioned in the prior art. Specifically rows of 12 
microphones are distributed along the beam rather than merely six 
as mentioned in EP-A-0244513 . Still furthermore, calibration of 
microphones, as will be described below, allows the line array 
method of velocity measurement to be used accurately in practice. 
It also eliminates the need for high accuracy positioning of the 
microphones upon manufacture. 

Consistency check of position data 

Taking the nearest six active microphones to a spark 
generator as shown in Figures 2 and 3, measurements of position 
are repeated using three different microphone sub-sets as 
follows.: 

(i) 1. 2, 3, 4 

(ii) 3, 4, 5, 6 

(iii) 1, 5, 2, 6 

The x, y, z position values that each subset provides 
are rejected if they are too different from the values calculated 
using the other subset(s). If accepted, the results for x r y 
and z from the three microphone sub-sets are averaged. 

Taking the first sub- set as an example, microphones 1 
and 3 are used to provide an x coordinate value xi, and 
microphones 2 and 4 give X2. Then xx and X2 are averaged to give 
the x coordinate value. The z coordinate value is found 
similarly, then the y coordinate found using x and z results. 

Detection of Temperature Variations (Air homogeneity) and 
Unstable Air Conditions 

By analysing the data received by a group of six 
microphones, information on temperature gradients and turbulence 
can be gained. Taking a group of six active microphones as shown 
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in Figures 2 and 3, it is possible to detect vertical temperature 
gradients. The line array method of sound velocity detection is 
used to determine four velocity values from four planes as 
follows: - 

(i) „ Spark produced at Pi detected at microphones 2, 4 r 6 

(Time delays B, D, F) 

(ii) Spark produced at Pi detected at microphones 1, 3, 5 

(Time delays A, C, E) 

(iii) Spark produced at P* detected at microphones 2, 4, 6 

(Time delays B # D, F) 

(iv) Spark produced at P* detected at microphones 1, 3, 5. 

(Time delays A, C, E) 

if the four velocity values agree, they are averaged to 
give the speed of sound and the subsequent measurements of 
emitter position are accepted. 

It is possible to detect vertical temperature gradients 
and compensate for them (provided there is no significant air 
turbulence). As a further check it is also possible to detect 
unstable air conditions (homogeniety in the longitudinal axis) by 
checking ratios of distances (i.e. time delays) using the six 
active microphones, as shown in Figure 3. Taking the six time 
delays (which are related to distances) A, B, C, D, E, and F 
which were measured and a constant K found as C 2 - D 2 , by 
.defining a parameter R and assuming Rcd = 1, the following are 
calculated:- 

Rcf = E/SFTS. 

»/<£ 

Only if and R=r are equal to unity (i.e. 1± 0.005) 

can the position data be considered valid. 

Simple Circuitry 

As shown in Figure 1A, there are a total of 48 
microphones along a beam. By connecting microphones together as 
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shown in Figure 4A it is possible to use only 16 channels of 
microphone circuitry for one beam (2 reference channels are also 
used). Correspondingly, for one module of a beam, 8 channels are 
used as shown in Figure 5. 

Despite the reduced number of channels, the active 
microphone array (i.e. the six microphones 18 closest to the 
spark) is readily located. The received data from microphones on 
the bottom row which pass via channels 0 to 4 are examined by the. 
microprocessor and the three shortest time delays are selected. 
Then using the following simple analysis , the correct active 
microphone array, A to D as shown on Figure 5, is determined: - 

If the sum of the 3 relevant channel numbers = 5 then we are 
working with array A 

If the sum of the 3 relevant channel numbers = 9 then we are 
working with array D 

* If channel 1 is the shortest delay when we are working with 
array B 

If channel 2 is the shortest delay then we are working with 
array C. 

Measurement Accuracy 

Measurement accuracy is affected mainly by errors in 
the placement of microphones 18 in the beam 10. 

The correction factors which must be applied to 
compensate for errors in microphone positioning will vary 
depending on the directions of approach of the sound to the 
microphone 18. so this must be known approximately before a 
correction can be applied. 

The system produces a spark at a probe 46, collects the 
received data, then computes the approximate spark coordinates 
(Pi and P2-). From this, it determines the approximate direction 
of the sound to each of the 6 microphones and determines the 
appropriate correction factors A x, y, to modify the collected 
data. These correction factors follow: 
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-* DIST 



y x oist 2 - 7 DIST 2 - ^isi 

Z DIST 



where xdist, yors-r, Zdist denote the approximate coordinate 
position of a spark generator relative to a microphone. The 
data is then re-processed to accurately determine the true spark 
coordinates. 

The factors x<=, y=, z<= are determined from calibration 
of beams 10 at the factory as will be described below. 

Beam Calibration/Calibration of Mic rophone positions 

The beam calibration jig. 104 which is shown in Figure 8 
(perspective view) and in Figure 9 in cross-section, provides the 
array of 24 spark assemblies 126 required for calibration of the 
beam 10. The calibration jig 124, which is. mounted on a stand 
128 (not shown in Figure 8), is surrounded by an insulating cover 
(not shown) to provide a thermally stable environment around the 
beam during calibration. 

The beam is clamped in a fixed, nominally central, 
position 130 within the jig 124 in a manner which prevents any 
twisting or bending stress. The jig includes a frame 132 
comprising upstruts 134 and cross-bars 136. One spark assembly is 
shown in Figures 10A and 10B. ■ " 

The temperature inside the jig is thermo-controlled by 
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a heater under the jig (not shown) and a set of ten thermocouples 
(not shown) disposed at various places around the jig such as 
against the frame, near the heater or with ends extending out 
into the air. 

The coordinates of each spark assembly 138 are 
determined to within 0.2mm in the three principal axes. This is 
achieved by photogrammetry~or theodolite survey of the assembled 
jig 100. Targets are fitted to the face of each spark assembly 
for this purpose. Spark assemblies 126 are designed to be easily 
replaced in the event of failure without invalidating jig 
calibration data. 



(polytetraf luoroethylene) support plates 140 as shown in Figure 
10A. These permit minor adjustment in all three axes. Each 
spark generator 138 includes a spark emitter 139 within a PTFE 
insulating ring 142. A spark assembly 138 is held in place on a 
PTFE support plate by a nut 144 and bolt 146. The bolt 146 
passes through an oversized hole 147 in the upstrut 134. To 
allow adjustment of emitter positions, the PTFE plate 140 is 
moveable in two directions in its position on an upstrut 134 by 
means of one vertical adjustment screw 148 and two horizontal 
adjustment screws 150. The PTFE plate 140 is fixed adjustably to 
the upstrut 134 by four screws 152 with washers 154. The screws 
152 pass through the PTFE support plate 140 via oversized holes 
156. 

After the positions of the spark emitters have been 
surveyed to establish their relative positions, a grid of four 
spark emitters (pairs on neighbouring upstruts on a selected side 
of the beam) are then fired in sequence and the timing data is 
collected from the six microphones facing the grid. Using the 
known spark position the precise X,Y and Z coordinates of each 
microphone is deduced (using the same equations as those used for 
the beam itself, described in EP-A-0244513) . The xc=, y«= and z c 
deviations of each microphone from its surveyed coordinates are 
calculated and stored in the hardware of the beam (in eeprom), to 
be read every time the vehicle measurement system is turned on. 

Measurements using the jig and subsequent calculations 
to determine calibration data are made under computer control. 



The spark generators 138 are housed in PTFE 
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After calibration, a print-out of calibration data is also 
provided. 

The jig includes a reference bar (not shown) having a 
microphone and spark emitter at each end, such that the 
microphone at one end is of known separation from the spark 
emitter at the other end. By measuring the time delay between 
emission and reception of a spark, sound velocity is calculated. 
Knowing velocity and spark emitter positions precisely allows 
microphone positions to be determined accurately. 

Another beam calibration jig 158 is shown in Figure 1L. 
It is 70 cm high, lm 30cm wide and 3m 50cm long. It includes a 
frame 160 having seven sets of cross-bars 162 and up-struts 164. 
Also, it has a rigid, stable base 168. The beam 10 for 
calibration is placed at position 168 on adjustable stands 
170,170. 

The beam calibration jig 158 shown in Figure 11 has 1L2 
spark assemblies; One spark assembly is shown in Figures 12A, 
12B and 12C. The coordinates of each spark assembly is 
determined to within 0.04 mm in each principal axis. 

As shown in Figure 12A, each spark assembly 172 
includes positive and negative wires 174.176 held in epoxy resin 
potting 178 within an aperture 180 in' a PTFE mount 182. The 
electrode wires 174,176 are connected to electricity supplies 
(not shown) through a ceramic insert 184. Each spark assembly 
172 is held in position on a mounting plate 186 by means of a 
pair of screws 188,188 with washers 189 which are screwed into 
one side 190 of the mounting plate 186 and abut the rear 190 of 
the PTFE mount 182. As shown in Figures 12A and 12C, a 
screwed-on retaining spring 192 which has an approximately 
horse-shoe shape is fixed on the other side 194 of the mounting 
plate 186. This spring 192 keeps the PTFE mount 182 of the spark 
assembly 172 within the mounting plate 188 whilst allowing the 
electrode wires 174,170 to be exposed. 

A Typical Measurement Sequence 

A typical sequence is as follows :- 
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Fire the reference sparks and check for unacceptable 
air currents. 

Fire the sparks at Pi and Pz 

Collect the count data (time delays) from the 8 
microphone channels 

Determine whether left or right side of beam is active 
from the probe channel number which is being used 

Find the 3 lowest counts from the microphone channels 
on the bottom row. Process the data to determine which 
array of 6 microphones is closest to the spark and sort 
data into the appropriate sequence 

Using the current speed of sound taken from the 
reference channels calculate the approximate X, Y and Z 
position of each spark at positions Pi and P2 

Determine the angle of the sound path to each 
microphone in the active array 

Apply appropriate correction factors calculated from 
the beam calibration data 

Calculate the speed of sound using the "line array" 
method in 4 planes; Pi to top row. Pi to bottom row, P2 
to top row and- P2 to bottom row 

Check that the air conditions are homogeneous in the 
longitudinal axis. The ratio of time delays from a 
spark to each vertical pair of microphones can be 
determined theoretically. If the data does not agree 
in practice then the speed of sound must vary within 
the volume. 
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11) Check that the speeds of sound derived from the 4 

"line array" planes do not imply too great a vertical 
temperature gradient. If the data are inside a given 
tolerance, convert the time delays to distances, using 
the 4 plane measurements (step 9) to compensate for 
small temperature gradients. 



12) 



13) 



14) 



15) 



16) 



Calculate the X, Y and Z dimensions using microphones 
1, 2, 3 and 4, then 3, 4, 5 and 6, and 1. 2, 5, 6, as 
shown in Figure 2. 

Check that the variation between results is acceptable. 
If so average the results . 

Check that the calculated distance between P* and Pz 
agrees with the known (constant) distance. 

Repeat steps 2 to 14 for each probe which is attached. 
(There may be up to twelve probes). 

Fire the reference sparks. Check for unacceptable air 
currents and for consistency with results of step 1. 



17) Translate the measured coordinates to give data related 

to lengths width and height relative to the vehicle and 
display these results. 

If a measurement fails any of these checks the system 
automatically repeats the measurement several times. If the 
failure was due to minor turbulence or some other temporary 
disturbance a subsequent measurement may be successful. 

If inaccurate data is consistently obtained the 
controlling computer can collate all the available probe and 
reference data ('Good* or 'Bad') and present meaningful reasons 
for the failure and suggestions for rectification to the user. 
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Remote Computer Control 

The measuring system is controlled by the remote 
computer which also contains a database of vehicle data and 
graphics. The user can change the language at the touch of a 
button. All text and user interactions (i.e. typing Y for yes N 
for No etc.) are language dependent. 

It will be appreciated from the above that the 
preferred system is more than simply a measurement system relying 
on detecting time delays to compute distances, but is capable of 
assessing the local air conditions at the time that the emitter 
probe is fired. It can determine whether the collected data is 
valid and also whether its own calibration is still good. 
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CLAIMS : 

1. Vehicle measurement apparatus comprising means for determining 
speeds of transmission of signals in different selected directions, 
and means for determining the position of at least one point on a 
vehicle, position data being determined in dependance upon the 
speed of signal transmission, further comprising means for 
accepting the speed data and/or position data only if the speed, 
data in different directions agree within a predetermined range. 

2. Apparatus according to claim 1, in which the means for detecting 
position comprise at least one signal emitter for attachment to the 
vehicle, at least one signal receiver, means for determining 
transmission time(s) between signal emission and reception, and 
means for calculating position in dependence upon the speed data 
and transmission time(s) taken, 

3. Apparatus according to claim l f in which if the speed data in 
different directions do not agree, measurements of speed are 
repeated. 

4. Apparatus according to claim 1, in which signals are pulsed. 

5. Apparatus according to claim 4, in which the pulsed signals are 
sound bursts produced by application of an electrical potential 
difference between a pair of electrodes at the emitter resulting in 
electrical sparking, and the receivers are. microphones. 

6. Apparatus according to claim 1, in which the means for detecting 
speeds comprises the emitter and at least three receivers, and 
speed is determined using the line array method. 

7. Apparatus according to claim 1, in which the means for detecting 
speeds comprises two signal emitters PI ,P2, and six active 
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receivers disposed in two parallel rows ox three, and four speed 
values are determined using each of the following four emitter and 
receiver combinations, 

first emitter P L and receivers in the first row, 
first emitter. Pi and receivers in the second row, 
second emitter P 2 and receivers in the first row, 
second emitter P 2 and receivers in the second row. 

8. Apparatus according claim 1, including means which, if the speed 
values agree to within the predetermined range, averages the values 
and uses the resultant in determination of position data. 

9. Apparatus according to claim 1 # including means for selectively 
compensating position data in dependence upon speed variations. . 

10. A method of vehicle measurement comprising; 

(i) determining speeds of transmission of signals in different 
selected directions/ 

(ii) determining whether the speed data agree to within a 
predetermined range, and if the speed data agree to within a 
predetermined range, 

(iii) determining in dependence upon the speed data the position 
of at least one point on the vehicle * 

11. A method according to claim 10, in which determination of 
position comprises emitting a signal . from an emitter attached to 
the vehicle and receiving it at at least one: signal receiver, 
measuring transmission time{s) taken between pulse emission and 
reception, ^hd calculating position in dependence upon speed data 
and transmission time(s). 

12. A method according to claim 10, in which if speed data in 
different directions do not agree, .-.measurements of speed are 
repeated: 



(i) 
(ii) 

(iii) 
(iv) 
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13. A method according to claim 10, in which signals are 
pulsed. 

14. a method according to claim 13 , in which the signals 
emitted are sound bursts produced by application of an electrical 
potential difference between a pair of electrodes at the emitter 
resulting in sparking, 

15. A method according to claim 10, in which speeds are 
determined using, the line array method operating on the outputs of 
at least three receivers. 

16. A method according to claim 10, including detecting four 
speed values using two signal emitters P1,P2, and six active 
receivers disposed in two parallel rows of three, using each of the 
following four emitter and receiver combinations as follows, 

(i) first emitter P x and receivers in the first row, 

(ii) first emitter P* and receivers in the second row, 

(iii) second emitter P 2 and receivers in the first row, 

(iv) second emitter P* and receivers in the second row. 

17. A method according to claim 10, including averaging speed 
values which agree to within the predetermined range and using the 
resultant in determination of position data, 

18. A method according to claim 10, including selectively 
compensating^position data in dependence upon speed variations in 
different directions. 

19. Vehicle measurement apparatus comprising at least one 
signal emitter for attachment to a vehicle, and an array of active 
signal receivers, means for measuring the times taken between 
signal emission and reception at each of the active signal 
receivers, and means for calculating estimates of emitter position 
using the transmission time data from various subsets of the 
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active receivers, the apparatus further comprising means for 
averaging the estimates to provide position data if the estimates 
agree to within a predetermined range, 

20. Apparatus according to claim 19, comprising means for 
rejecting the estimates and repeating the position measurement if 
the estimates do not agree. 

21. Apparatus according to claim 19, in which three pairs of 
receivers are active, and position estimates are calculated using 
transmission time data from different combinations of two pairs of 
receivers, 

22. Apparatus according to claim 21, in which the pairs of 
receivers are disposed such that one member of a receiver pair is 
substantially above the other, and each pair of receivers is 
substantially laterally separated from the others. 

23. A method of measuring the position of a point on a vehicle 
comprising the steps of: 

(i) emitting a signal from an emitter attached to the 
vehicle, 

(ii) receiving the signal at a plurality of active receivers 
disposed in an array, 

(iii) measuring the times taken between signal emission and 
reception at each of the active receivers, 

(iv) calculating estimates of position using transmission time 
data from different subsets of the active receivers, and if the 
estimates agree, 

(v) averaging the estimates to provide position data. 

24. Vehicle measurement apparatus comprising an emitter for 
connection to a vehicle for the emission of signals, an array of N 
signal receivers to receive transmitted signals connected to n 
signal processing channels,, where n is less than N, and means 
operable to determine which channel or channels carries signals 
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corresponding to the first received signal or set of received 
signals and to determine from the channel information the group of 
receivers closest to the emitter as active for use in vehicle 
measurement . 

25. Apparatus according to claim 24, in which n is 
substantially equal to N/3. 

26. Apparatus according to claim 25, in which from twenty four 
receivers and eiight channels, a group of six receivers is selected 
as active. 

27. Apparatus according to claim 26, in which two 
substantially parallel rows of three receivers are selected as 
active, 

28. Apparatus according to claim 24, in which receivers are 
arrayed on a beam for placement under a vehicle body. 

29. Apparatus according to claim 28, in which the beam 
comprises two halves/ each half carrying twelve receivers on each 
side making a total of twenty-four receivers per half , and each 
half having eight received signal processing channels. 

30. Apparatus according to claim 29, in which the twelve 
receivers are positioned oh a side as a top row of six, denoted a 
to f in sequence, and a bottom row of six, denoted g to 1 in 
sequence, and receivers are connected to channels as follows: 
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Charm el Number Receivers One Side Receivers Other Side 

0 . g g 

1 i i 

2 j j 

3 1 1 

4 h,k h,k 

5 a,d a,d 

6 b,e b,e 

7 c,f c,f 



31. A method of measuring the position of a point on a vehicle 
comprising the steps of: 

(i) emitting a signal from an emitter attached to the 

vehicle , 

(ii) receiving the transmitted signals at an array of N 
signal receivers connected to n signal processing channels, where n 
is less than N, 

(iii) determining the channel or channels carrying 
signals corresponding to the first received signal or set of 
received signals, and 

(iv) determining from the channel information the group 
of receivers closest to the emitter as active for use in vehicle 
measurement • 

32. A coupler for coupling a signal emitter to a vehicle, the 
coupler comprising a £irst end for connection to the vehicle, a 
second end for mounting an emitter, and a bent body allowing the 
coupler to be positioned in use around a portion of the vehicle. 

33. A coupler according to claim 32,. for coupling from an 
upper portion of the vehicle to provide the emitter in a position 
where it has a direct sound path to a ground-based receiver. 
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34. A coupler according to claim 32, in which the bent body 
comprises a bent rod. 

35. a coupler according to claim 32, with two substantially 
right angled bends in its body, and the first end comprises a ball 
and socket joint. 

36. A coupler according to claim 32, comprising a fixture for 
connection to a front suspension strut. 

37. Apparatus for calibrating the positions of receivers 
mounted on a beam, comprising an array of signal emitters, the 
emitters being situated in predetermined positions around a site 
for a beam to be calibrated, means for emiting signals from 
selected combinations of emitters, means for determining the 
transmission times to receivers selected as active to receive, and 
means for determining the receiver positions from the transmission 
times . 

38. Apparatus according to claim 37, including means for 
controlling temperature within the array of emitters around the 
beam site, to reduce variations in signal velocity. 

39. Apparatus according to claim 38, in which the means for 
controlling temperature comprise an insulating cover, a heater and 
temperature measurement means. 

40. Apparatus according to claim 37/ in which the signal 
emitters are arrayed around the beam site on a frame comprising 
upstruts and cross-bars. 

41. Apparatus according to claim 37, in which a grid of four 
neighbouring emitters emit signals in sequence and the transmission 
time data is deduced from the six nearest receivers facing the 
grid. 
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42. Apparatus according to claim 37, comprising means for 

determining corrections to presumed receiver positions to provide 
measured receiver positions, 

.43. Apparatus according to claim 42, in which the correction 

to each receiver position is recorded for use in vehicle 
measurement to correct position measurement 

44. Apparatus according to claim 37, in which signals are 

sound hursts , and receivers are microphones. 

iAS. A method of calibrating the positions of receivers mounted 

on a beam, comprising the steps of 

(i) providing an array of signal emitters, the emitters 
being situated in predetermined positions around a site for a beam 
to be calibrated, 

(ii) emitting signals from selected combinations of 
signal emitters, 

(iii) receiving transmitted signals, 

(iv) determining transmission times to selected 
receivers, 

(v) calculating the positions of the selected receivers 
from the transmission time information, 

46. Vehicle measurement apparatus comprising a signal emitter 
for connection to the vehicle, an array of signal receivers, means 
for measuring position comprising means for measuring the time 
taken between signal emission and reception, and means for 
correcting measured position in dependence on the deviations of 
receiver positions froxii those expected and in dependence on the 
directions -of approach of signals to receivers. 

47. A method of vehicle measurement comprising emitting a 
signal from an emitter connected to the vehicle, receiving a signal 
at a plurality of receivers, and determining the position of the 
emitter and hence the portion the vehicle to which it is connected 
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as a function of the transmission times taken between signal 
emission and reception, including correcting the measured position 
in dependence upon deviations of receiver positions from those 
expected and in dependence upon the directions of approach of 
signals to the receivers. 

48. A method according to claim 47, in which deviations in 
receiver positions are determined by calibration using emitters in 
known positions. 

49. A method according to claim 47, in which the direction of 
approach to a receiver is determined from the uncorrected emitter 
position relative to the expected receiver position. 

50. A method according to claim 47, in which the emitted 
signal is a sound burst, and the receivers are microphones. 
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FigAb 
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Fig. 7b 
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